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Abstract
High price of chippers and small scale of forestry management area seemed to create a standstill 
situation of chip utilization system in Japan. By combining the benefits of small scale forestry 
and low price chippers, a simple and low-cost chip supply model could be established, creating 
new employments opportunities. The object of this study is to propose the benefits of a chip 
supply system in small scale forestry using multiple low price chippers at forest landings. The 
volume of chip material was ranged up to 56 000 m3 in a model area. The results showed that 
the annual labor cost of the proposed system was higher than that of the conventional system 
because the utilization ratio of chipper of the proposed system was also higher. The chip supply 
cost of the proposed system became lower than that of the conventional system because of its 
proper productivity and machine price. The utilization ratio of machine used in this study will 
be an important indice for creating employments when establishing chip supply chain. The 
benefits of the proposed system using multiple chippers are not only creating employments in 
local community but also bringing flexibility to a stable chip supply system and avoiding the 
risk of machine workouts and troubles. Therefore, the proposed system that introduces mul-
tiple lines using low price chippers will be useful for cost efficient management of small scale 
forestry and for providing sustainable bioenergy business.
Keywords: chip supply, employment, fuel chip, mobile chipper, small scale forestry
1. Introduction
One	of	the	problems	of	Japanese	forestry	is	that	the	

































to be suitable for small scale forestry because it did not 
require	a	large	amount	of	material	to	achieve	low	chip-
ping	cost	compared	to	high	price	chippers.
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2. Materials and methods
2.1 Materials
The	proposed	system	assumed	the	use	of	a	mobile	
















Table 1 Specifications of the investigated chipper of low cost and 
of the reference hummer mill chipper/grinder
Name YM-400C







Price, € 34 546 371 471
Engine power, kW 150 205.1
Width, m 1.95 2.39
Length, m 5 7.72










Productivity, m3/h 23.7 60
Fuel consumption, l/h 14.6 71.4
The specifications of tub grinder were cited from Yoshioka et al. 2006 
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not always available for small scale forestry due to 

















calculated	based	on	that	volume.	 In	 this	study,	 the	
term m3	means	1	cubic	meter	of	chips.	The	utilization	
ratio	of	machine	to	scheduled	machine	hours	(SMH)	







 ( )g= × × × − ×r 1V A G u k  (1)











The	chip	supply	cost	C	(€/m3) was calculated based 
on	Miyata	(1980)	and	Forestry	Agency	(2012)	by	the	
equations	from	(3)	to	(5)	including	depreciation	cost,	
labour	 cost,	maintenance	 and	 repair	 cost,	 tax,	 and	
supplemental	grapple	loader	and	truck	transportation	
costs.
( ) ( ) ( )( )( )a b− ×= × + + − + × ×mama ma1 1 1 1 / 2S PC S Y P YY      (3)
( )= + × × + × ×∑ ∑chip ma fuel fuel r c labor r c( / ) /C C E C V E C V E n  
   (4)
 = +chip r trans/C C V C   (5)
Where:
Cma	 	was	annual	machinery	cost	including	depre-













The	 annual	 forest	 growth	was	 estimated	 to	 be	
5 m3/ha	 in	 this	 area.	 The	 ratio	 of	 byproduct	 and	
unavailable	volume	were	0.3	and	0.2,	respectively,	in	
this	 community.	 As	 well	 as	 other	 forest	 owners’	
cooperatives,	 this	 cooperative	was	 surrounded	 by	
forests and it managed a forest area where the furthest 























M. Yoshida and H. Sakai Fuel Chip Supply System with Low Price Mobile Chippers (9–14)




Table 2 Machinery data of both proposed and conventional sys-





Price, € 99 554 99 554
*Depreciation, year 8.5 8.5
Salvage ratio, % 0.1 0.1
Maintenance ratio, % 0.5 0.5
Tax, % 0.05 0.05
Fuel consumption, l/h 5 5
Fuel cost, €/l 1 1
Chipper Disk chipper Tub grinder
Price, € ***34 546 ****371 471
**Depreciation, year 5 5
Salvage ratio, % 0.1 0.1
Maintenance ratio, % 1 0.5
Tax, % 0.05 0.05
Fuel consumption, l/h ***14.6 ****71.4
Fuel cost, €/l 1 1
Hourly labour cost, €/hour 15.1 15.1
Based on Forestry Agency; Ministry of Agriculture, Forestry and Fisheries, Japan 2012 
**Based on Miyata 1980 
***Based on Yoshida and Sakai 2013 
****Based on Yoshioka et al. 2006 
The currency ratio was 1€ = 134.6 yen, at  November 15, 2013















tems were always lower than that of the conventional 
system,	while	the	difference	between	the	costs	of	the	
proposed	multiple	lines	system	and	that	of	the	con-







Fig. 2 The changes of utilization ratio of chipper/grinder
Fig. 3 Changes of chip supply cost
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proposed	one-line	and	multiple	lines	systems	were	the	
same and always higher than that of the conventional 
system	(Fig.	4).	The	annual	labor	cost	of	the	proposed	







crease	of	 the	machine	utilization	 ratio	 in	 a	 system	




































































Fig. 4 Changes of annual labor cost
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